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Abstract. Deuteron-proton elastic scattering is studied in the multiple scattering expansion formalism.
The four contributions are taken into account: one-nucleon-exchange, single- and double scattering, and ∆-
isobar excitation. The presented approach was applied to describe the differential cross sections at deuteron
energies between 500 and 1300 MeV in a whole angular range. The obtained results are compared with
the experimental data.
PACS. 21.45.+v Few-body systems – 25.45.-z 2H-induced reactions – 25.45.De Elastic and inelastic
scattering – 24.10.Jv Relativistic models
1 Introduction
In recent years heavy ion physics at high energies has been
very popular. There are many efforts to study some sys-
tems containing a lot of nucleons. However, the energy in
such reactions is quite large to appear the multiple nucleon
scattering. Therefore, the problem of the nucleon-nucleon
interaction is topical up to now. Even at low energies all
the theoretical calculations are based on the phenomeno-
logical nucleon-nucleon potential. The problem becomes
more difficult when the energy is enough for a manifesta-
tion of inelastic channels.
Elastic deuteron-proton scattering is the simplest ex-
ample of the hadron nucleus collision, because a deuteron
is the simplest nucleus containing only one proton and one
neutron. The study of the deuteron-proton elastic scat-
tering has a longtime story. The first nucleon-deuteron
experiments were performed already in fifties of the pre-
vious century [1]-[7]. Differential cross sections [1]-[4] and
polarization [5]-[7] were measured at a few hundred MeV.
This topic has been intensively investigated in the 1970’s
and 80’s [8]-[15]. Nowadays this reaction is still the subject
of the investigations [16]-[20].
In the previous papers [21],[22] we considered this reac-
tion in the multiple scattering expansion formalism. Three
contributions, one-nucleon-exchange (ONE), single- scat-
tering, and double scattering, were taken into account. We
got a reasonable agreement for the differential cross sec-
tions between the theoretical predictions and the exper-
imental data almost in a whole angular range. However,
the rise of the differential cross sections at the scattering
angle larger than 140◦ was not described in the approach.
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In 1969 A.Kerman and L.Kisslinger supposed that res-
onances can play an important role in the deuteron-proton
backward elastic scattering [23]. They suggested that a
deuteron contains the N∗ resonance with 0.5 − 1% prob-
ability. However, an analysis of the experimental data us-
ing the Kerman- Kisslinger model [9] has demonstrated
strong dependence of the obtained results on a deuteron
wave function.
Later the double-scattering mechanism with ∆-isobar
in the intermediate state was taken into account in the dp
backward scattering. The significant contribution of this
diagram to the reaction was shown in refs. [24]-[26]. How-
ever, the double scattering with nucleon in an intermedi-
ate state was not considered in these papers . Perhaps, it
was the reason why the description of the differential cross
sections energy dependence was not good enough.
The effort to take the ∆-isobar into account in order
to describe dp-elastic scattering was also done in [27], [28].
[17], where the ∆-isobar term was included into the CD
Bonn potential. In these papers deuteron-proton scatter-
ing was considered in a whole angular range, not only at
θ∗ = 180◦. Unfortunately, the process was studied at low
energies, Tp ≤ 250 MeV, where the ∆-isobar effects are
negligible.
In this paper we keep on considering deuteron-proton
elastic scattering in the framework offered in papers [21],
[22]. Here we add the ∆-isobar contribution in our ap-
proach. The next part is devoted to the description of
the general theoretical model. We briefly give the basic
points of the multiple scattering approach. In section 3
the ∆-excitation term is considered in a detail. Also the
kinematics of the double scattering is given, both for the
delta and nucleon in the intermediate state. In the last
section we discuss the obtained results and compare them
with the experimental data.
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2 General formalism
According to the three-body collision theory, the ampli-
tude of deuteron-proton elastic scattering J is defined by
the matrix element of the transition operator U11:
Udp→dp = δ(Ed + Ep − E′d − E′p)J = (1)
< 1(23)|[1− P12 − P13]U11|1(23) > .
Here the state |1(23) > corresponds to the configuration,
when nucleons 2 and 3 form the deuteron state and nu-
cleon 1 is free. Appearance of the permutation operators
for two nucleons Pij reflects the fact that the initial and
final states are antisymmetric due to an exchange of the
two particles.
Following the Alt-Grassberger-Sandhas formalism [29],
[30] we write the transition operator Uβα as:
Uβα = −(1− δβα)(H0 − z)−
∑
δ 6=α
Uβδg0tδ. (2)
This transition operator depends on the potential through
the channel transition-operator tα of the two-particle sub-
systems:
tα = Vα − VαgαVα (3)
tα = Vα − Vαg0tα,
where g0 is a free three-particle propagator and gα is a
two-particle resolvent in the three-particle space. In such
a way we get the following equations for the transition
operators with the rearrangement:
U11 = t2g0U21 + t3g0U31
U21 = g
−1
0 + t1g0U11 + t3g0U31 (4)
U31 = g
−1
0 + t1g0U11 + t2g0U21 ,
where t1 = t(2, 3),etc., is a t-matrix of the two-particle
interaction. The indices ij for the transition operators Uij
denote free particles i and j in the final and initial states,
respectively.
Iterating these equations up to the second order terms
of ti we can present the reaction amplitude as a sum of
the following four contributions: one nucleon exchange,
single scattering and double scattering with the nucleon
and delta in the intermediate state, –
Jdp→dp = JONE + JSS + JDS + J∆ (5)
The first contribution into the dp-elastic scattering am-
plitude J in Eq.(5) is the one nucleon exchange (ONE)
term.
JONE = −2 < 1(23)|P12g−10 |1(23) > (6)
The corresponding diagram is presented in Fig.1a. Ap-
plying the definitions of the wave function of a moving
deuteron and three- nucleon free propagator, we can write
ONE amplitude in the following form:
JONE = −21(23) < p′m′τ ′;−P dM′d0|Ω†d(23)P12
(Ed + Ep − Kˆ1 − Kˆ2 − Kˆ3 + iε) (7)
Ωd(23)|P dMd0;pmτ >1(23) ,
where m, m′ are spin projections of the initial and fi-
nal protons, τ , τ ′ are their isospin projections, respec-
tively. The kinetic-energy operator has a standard defini-
tion, Kˆi|pi >=
√
m2N + pi
2|pi > .
After a straightforward calculation we have the expres-
sion for the ONE amplitude
JONE = −1
2
(Ed − Ep −
√
m2N + p
2 − P d2) ·
< p′m′;−P dM′d|Ω†d(23) (8)
[1 + (σ1σ2)]Ωd(23)|P dMd;pm > ,
where the definition of the permutation operator in spin
space P12(σ) =
1
2 [1 + (σ1σ2)] has been applied.
All the calculations are performed in the deuteron Breit
frame, where the deuterons move in opposite directions
with equal momenta (Fig.1). It allows us to minimize the
relative momenta of the nucleons in both deuterons. As a
consequence, the non-relativistic deuteron wave function
can be applied in the energy range under consideration.
In the rest frame the non-relativistic wave function of
the deuteron depends only on one variable p0, which is the
relative momentum of the outgoing proton and neutron:
< µpµn|Ωd|Md >= 1√
4pi
< µpµn|{u(p0) + (9)
w(p0)√
8
[3(σ1pˆ0)(σ2pˆ0)− (σ1 σ2)]}|Md >,
where u(p0) and w(p0) describe S and D components of
the deuteron wave function [31], [32], [33], pˆ0 is a unit
vector in p0 direction.
In order to get the wave function of the moving deuteron,
it is necessary to apply the Lorenz transformations for the
kinematical variables and Wigner rotations for the spin
states. This procedure has been expounded in a detail in
ref.[21]. The proton-neutron relative momenta for the ini-
tial p0 and final p
′
0 deuterons are expressed in relativistic
kinematics as:
p0 = p+ P d
[
1 +
En + E
∗
Ep + En + E∗
]
(10)
p′0 = p+ P d
[
1− En + E
∗
Ep + En + E∗
]
.
Here En =
√
m2N + p
2 − P d2 and
E∗ =
√
(Ep + En)2 − P d2/2 are the struck neutron en-
ergy in the moving deuteron frame and rest deuteron frame,
respectively. Note, that |p0| = |p′0|.
The other term in the dp-elastic scattering amplitude
Eq.(5) is the single scattering (SS) one.
JSS = 2 < 1(23)|[1− P12]t3|1(23) > (11)
The corresponding diagram is presented in Fig.(1b).
Following a standard procedure we get the expression for
the single scattering amplitude:
JSS =
∫
dp2 < −P dM′d|Ω†d|p2m′′,−P d − p2m′3 >
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< p ′m′,−P d − p2|3
2
t112 +
1
2
t012|pm,P d − p2m′2 >
< p2m
′′,P d − p2m′2|Ωd|P dMd > . (12)
The relative momenta of the two nucleons for the initial
and final deuterons are
p0 = p2 − P d E2 + E
∗
E2 + E3 + 2E∗
(13)
p′0 = p2 + P d
E2 + E
′∗
E2 + E′3 + 2E
′∗
,
where nucleons energies E2, E3, E
′
3 in the reference frame
are defined by a standard manner (Fig.1b)
E2 =
√
m2N + p
2
2 , E3 =
√
m2N + (P d − p2)2 ,
E′3 =
√
m2N + (P d + p2)
2 (14)
and these energies in the centre-of-mass of the two nu-
cleons forming the initial and final deuterons are equal,
correspondingly, to
E∗ =
1
2
√
(E2 + E3)2 − P 2d, (15)
E′∗ =
1
2
√
(E2 + E′3)
2 − P 2d .
The nucleon-nucleon scattering is described by the t-
matrix element. We use the parameterization of this ma-
trix offered by Love and Franey [34]. This is the on-shell
NN t-matrix defined in the cente-of-mass:
< κ∗′µ′1µ
′
2|tc.m.|κ∗µ1µ2 >=< κ∗′µ′1µ′2|A+
B(σ1Nˆ
∗)(σ2Nˆ
∗) + C(σ1 + σ2) · Nˆ∗ + (16)
D(σ1qˆ
∗)(σ2qˆ
∗) + F (σ1Qˆ
∗)(σ2Qˆ
∗)|κ∗µ1µ2 > .
The orthonormal basis {qˆ∗, Qˆ∗, Nˆ∗} is a combination of
the nucleon relative momenta in the initial κ∗ and final
κ
′∗ states:
qˆ∗ =
κ
∗ − κ∗′
|κ∗ − κ∗′| , Qˆ
∗ =
κ
∗ + κ∗′
|κ∗ + κ∗′| , Nˆ
∗ =
κ
∗ × κ∗′
|κ∗ × κ∗′| .
The amplitudes A,B,C,D, F are the functions of the centre-
of-mass energy and scattering angle. The radial parts of
these amplitudes are taken as a sum of Yukawa terms. A
new fit of the model parameters [35] was done in accor-
dance with the phase-shift-analysis data SP07 [36].
Since the matrix elements are expressed via the ef-
fective NN -interaction operators sandwiched between the
initial and final plane-wave states, this construction can
be extended to the off-shell case allowing the initial and
final states to get the current values of κ and κ′. Obvi-
ously, this extrapolation does not change the general spin
structure.
The double scattering term can be divided into two
parts: rescattering with a nucleon and ∆-isobar in the in-
termediate state.
JDS + J∆ = 2 < N(1)| < ψd(23)|N(2)N(3) >
< N(2)N(3)|[1− P12]|t3|{N(1)N(2) +∆(1)N(2)} >
g0 < {N(1)N(2) +∆(1)N(2)}|t2[1− P13]| (17)
< N(2)N(3)ψd(23) > |N(1) >
The double scattering contribution with the interme-
diate nucleon (DS) is defined by a deuteron wave function
and two nucleon-nucleon t-matrixes. Also we have, here,
three-nucleon propagator:
JDS =
∫
dp2dp
′
3
< −P dM′d|Ω†d
| − P d − p′3 m′2,p′3 m′3 >
< p′ m′,−P d − p′3 m′2,p′3 m′3|{t13(NN)(E′)t12(NN)(E) +
[t13(NN)(E
′) + t03(NN)(E
′)][t12(NN)(E) + t
0
2(NN)(E)]/4}
{Ed + Ep − E1 − E2 − E′3 + iε}−1 (18)
|p m,p2 m2,P d − p2 m3 >
< p2 m2, P d − p2 m3|Ωd|P dMd > .
The argument of the NN -matrix is defined as the three-
nucleon on-shell energy excluding the energy of the nu-
cleon which does not participate in the interaction:
E = Ed + Ep − E2, E′ = Ed + Ep − E′3. (19)
The superscript at the t-matrix in Eqs.(12), (18) refers
to the isotopic momentum of the nucleon-nucleon pair.
3 ∆-isobar contribution.
The structure of the amplitude with ∆ in the intermedi-
ate state looks like the double-scattering one. But here we
have NN → ∆N matrixes instead of the nucleon-nucleon
matrixes andNN∆-propagator instead of the three-nucleon
one.
J∆ = 2
∫
dp2dp
′
3
dE∆dp∆δ(E∆ −
√
µ2 + p2∆)
δ(p+ Pd − p2 − p3 − p∆)
1 <
1
2
τ ′
1
2
m′p′|23 < 00;−Pd1M′d|Ω†d[1− P12]|t3(N∆)(E′)
1
E − E2 − E′3 − E∆ − iΓ (E∆/2)
|Ψp∆(E∆) >1
|1
2
τ2
1
2
m2p2;
1
2
τ3
1
2
m3p3 >23 (20)
23 <
1
2
τ2
1
2
m2p2;
1
2
τ3
1
2
m3p3|1 < Ψp∆(E∆)|
t2(N∆)(E)[1− P13]Ωd|Pd1Md; 00 >23 |
1
2
τ
1
2
mp >1
Moreover, the ∆-isobar does not have a fixed mass
and is defined by the mass-distribution. Therefore, we save
here the integration over the ∆-energy, E∆. A full set of
the particles quantum numbers was included into the am-
plitude definition in Eq.(20). Isospin and spin quantum
numbers are marked by τ and m orMd, respectively. The
indexes near the bracket correspond to the particles num-
bers.
The distribution function of the ∆-energy
|Ψp∆(E∆) >< Ψp∆(E∆)| = ρ(E∆) (21)
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Fig. 1. The diagrams included into consideration: (a) the one nucleon exchange diagram; (b) the single scattering diagram;
(c) the double scattering diagram with a nucleon in the intermediate state; (d)the double scattering diagram with ∆-isobar in
the intermediate state.
is defined through the ∆-width Γ (µ):
ρ(µ) =
1
2pi
Γ (µ)
(E∆(µ)− E∆(m∆))2 + Γ 2(µ)/4 , (22)
where µ2 = E2∆ − p2∆ is a squared current mass of the
delta. The delta width is energy dependent. We use, here,
a standard parameterization of Γ (µ) taking into account
the ∆ off-shell corrections:
Γ (µ) = Γ0
p3(µ2,m2pi)
p3(m2∆,m
2
pi)
· p
2(m2∆,m
2
pi) + γ
2
p2(µ2,m2pi) + γ
2
. (23)
where p(x2,m2pi) is the momentum value in the piN -center-
of-mass:
p(x2,m2pi) =
√
(x2 +m2N −m2pi)2/4x2 −m2N . (24)
All parameters were taken from ref.[37]:
Γ0 = 0.120 GeV, γ = 0.200 GeV, m∆ = 1.232 (25)
In the Born approximation the NN → N∆ t-matrix
can be replaced with the corresponding potential V(N∆)(E):
< p,
1
2
m,
1
2
τ |t(N∆)(E)|Ψp∆(E∆) >≈
< p,
1
2
m,
1
2
τ |V(N∆)(E)|Ψp∆(E∆) > (26)
The potential for the NN → N∆ transition is based
on the pi− and ρ− exchanges:
V
(pi)
βα = −
fpif
∗
pi
m2pi
F 2pi (t)
q2
m2pi − t
(σ · qˆ)(S · qˆ)(τ · T ) (27)
V
(ρ)
βα = −
fρf
∗
ρ
m2ρ
F 2ρ (t)
q2
m2ρ − t
{(σS)− (σ · qˆ)(S · qˆ)}(τ · T )
Here, t is a four-momentum transfer and q is a correspond-
ing three-momentum transfer. Operators σ(τ ) are 12 - spin
(isospin) operators defined by Pauli matrixes while S(T )
operators correspond to 12 → 32 spin (isospin) transition.
mpi and mρ are pion and ρ- meson masses. The coupling
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Fig. 2. The differential cross section at the deuteron kinetic energy of 500 MeV as a function of the c.m. scattering angle. The
data are taken from[16] (•), and[1](◦).
constant fpi is related with the NNpi vertex and f
∗
pi cor-
responds to the N∆pi one. It also concerns ρ− coupling
constants.
fpi = 1.008 f
∗
pi = 2.156 (28)
fρ = 7.8 f
∗
ρ = 1.85fρ (29)
The hadronic form factor was chosen in the monopole
form:
Fx(t) = (Λ
2
x −m2x)/(Λ2x − t) (30)
In our calculation we use Λ = 1 GeV.
The presented approach for the ∆-isobar term was ap-
plied in refs. [37], [38] to describe the data on the ∆- pro-
duction in the pp → n∆++. The obtained results were
in a good agreement with the experimental data on the
differential cross section.
Since two nucleon states in the NN → N∆ vertexes
are antisymmetrized, two permutation operators appear
in Eq.(20). As consequence, the ∆- amplitude contains
four terms: one direct, two exchange, and one double-
exchange ones. The permutation operator Pij involves the
permutation of all quantum numbers. Here, it is permu-
tation over momentum, spin, and isospin indexes: Pij =
Pij(p)Pij(σ)Pij(τ).
The isotopic coefficient in Eq.(20) is equal for the all
four contributions into the ∆- amplitude and defined as
cT =<
1
2
τ ′2
1
2
τ ′3|00 ><
1
2
τ ′
1
2
τ ′2|(T 1τ 2)|
3
2
τ∆
1
2
τ2 > (31)
<
3
2
τ∆
1
2
τ ′3|(T 1τ 3)|
1
2
τ
1
2
τ3 ><
1
2
τ2
1
2
τ3|00 > .
It can be calculated independently on the spin part of the
∆- amplitude:
cT =
1
12
<
1
2
‖T ‖3
2
>2<
1
2
‖τ‖1
2
>2= 2,
where the reduced matrix elements < 32‖T ‖ 12 >=
< 32‖S‖ 12 >= 2 and < 12‖τ‖ 12 >=< 12‖σ‖ 12 >=
√
6 were
substituted.
The permutation over spin states is defined in the same
way it was done for the one-nucleon exchange term (8).
3.1 Kinematics
We consider, here, the kinematics of the double scattering
diagram in detail. All the presented expressions concern
the diagram with a ∆- excitation. However, they are also
correct for the double-scattering diagram with a nucleon
in the intermediate state, if (E∆,p∆) is replaced with
(E1,p1). The momenta notations are shown in Fig.(1c).
The two nucleons relative momenta in the deuterons
vertexes are defined in relativistic kinematics in the fol-
lowing manner:
p0 =
(E2 + E
∗)p3 − (E3 + E∗)p2
E2 + E3 + 2E∗
(32)
p′
0
=
(E′2 + E
′∗)p′3 − (E′3 + E′∗)p′2
E′2 + E
′
3 + 2E
′∗
.
Here, E∗ and E′∗ are the energies one of the nucleon in
the corresponding deuteron rest frame, which is equivalent
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Fig. 3. The differential cross section at the deuteron kinetic energy of 880 MeV as a function of the c.m. scattering angle. The
data are taken from [39] (•), and[40](◦).
the two nucleons centre-of-mass:
E∗ =
√
(p2 + p3)2/2, E
′∗ =
√
(p′2 + p
′
3)
2/2 (33)
In accordance to the momentum conservation in the
deuteron vertexes we can get the following expressions
for the internal deuteron momenta in the deuterons Breit
frame:
p0 =
P d
2
− p2 − E2 − E3
E2 + E3 + 2E∗
P d
2
(34)
p′
0
=
P d
2
+ p′3 +
E′2 − E′3
E′2 + E
′
3 + 2E
′∗
P d
2
Note, that two first terms in these equations corre-
spond to the ordinary definition of the nonrelativistic rel-
ative momentum.
The transfer momenta in the NN → ∆N vertexes, q
and q′, are defined in a standard manner:
q =
1
2
(k′ − k) and q′ = 1
2
(κ′ − κ), (35)
where vectors k,k′ are the nucleon-nucleon and nucleon-
delta relative momenta in the NN → ∆N vertex :
k =
(E3 + E
∗
13)p− (Ep + E∗13)p3
Ep + E3 + 2E∗13
(36)
k′ =
(E′3 + E
′∗
13)p∆ − (E∆ + E′∗13)p′3
E∆ + E′3 + 2E
′∗
13
and κ,κ′ are the nucleon-delta and nucleon-nucleon rela-
tive momenta in the ∆N → NN vertex :
κ =
(E2 + E
∗
12)p∆ − (E∆ + E∗12)p2
E∆ + E2 + 2E∗12
(37)
κ
′ =
(E′2 + E
′∗
12)p
′ − (Ep + E′∗12)p′2
Ep + E′2 + 2E
′∗
12
.
E∗ij =
√
(pi + pj)2/2 is the invariant variable defined
by pi and pj four-momenta.
In this section we considered only a direct term in the
amplitude with the delta in the intermediate state. The
other terms can be obtained by the replacement the cor-
responding momentum with one with an opposite sign. In
such a way q = (k′ − k)/2, for example, replaces with
Q = (k′ + k)/2 etc.
3.2 Spin part
To simplify the calculation in this paper we consider the
reduced N → ∆ t-matrix. The ρ-meson part is not taken
into account. We believe that the pi-meson term gives the
general contribution into the differential cross section at
backward angles. However, ρ-meson can be very important
to describe some polarisation observables due to its vector
nature. Therefore, it will be included into consideration in
further calculations.
In such a way spin structure of the ∆-amplitude is
defined by the expression:
(23) < 1M′|u(p′0) +
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Fig. 4. The differential cross section at the deuteron kinetic energy of 1200 MeV as a function of the c.m. scattering angle. The
data are taken from [41] (•), and [40] (◦).
w(p′0)√
2
[
3(σ2pˆ′0)(σ3pˆ
′
0)− (σ2σ3)
]
|1
2
m′2
1
2
m′3 >
<
1
2
m′2|(σ2qˆ′)|
1
2
m2 ><
1
2
m′3|(σ3qˆ)|
1
2
m3 >
<
1
2
m2
1
2
m3|u(p0) + (38)
w(p0)√
2
[3(σ2pˆ0)(σ3pˆ0)− (σ2σ3)] |1M >(23)
<
1
2
m′|(S1qˆ′)|3
2
M∆ ><
3
2
M∆|(S1qˆ)|1
2
m > .
After straightforward calculations we get some com-
binations of σ1,i, σ1,iσ2,j and etc. sandwiched between
deuterons spin states. It is useful to apply the following
relations:
(23) < 1M′|σ2,i|1M >(23)=
(23) < 1M′|σ3,i|1M >(23)=
(23) < 1M′|Sd,i|1M >(23) (39)
(23) < 1M′|σ2,iσ3,j |1M >(23)>=
< 1M′|1
3
δij + 2Qij|1M >(23),
where Sd and Qij are the spin and tensor operators of a
deuteron, respectively. Also the following expression
<
1
2
m′|(Sqˆ′)|3
2
M∆ ><
3
2
M∆|(Sqˆ)|1
2
m >=
1
6
<
1
2
‖S‖3
2
>2 [(qˆqˆ′) <
1
2
m′|I|1
2
m > + (40)
i
2
<
1
2
m′|(σqˆ × qˆ′)|1
2
m >]
is very helpful to simplify the calculations with 3/2-spin
operators.
4 Results and discussions.
We applied the presented above model to describe the dif-
ferential cross sections. The formal definition of the total
cross section of deuteron-proton elastic scattering is given
by
σ(dp→ dp) = (2pi)4 1
6
∫
dP ′d
E′d
dp′
E′p
δ(Ed + Ep − E′d − E′p)
δ(P d + p− P ′d − p′)
|T |2√
(Pdp)2 − P 2d p2
, (41)
where |T |2 is the squared invariant amplitude defined as
|T |2 = |
√
E′dE
′
p Jdp→dp
√
EdEp|2 ≡ inv. (42)
The expression for the differential cross section in the
center-of-mass can be obtained through the scattering am-
plitude in the Breit frame as:
dσ
dcosθ∗
=
(2pi)5
24s
(
s−m2N −M2d +
t
2
)2
|J (Breit)dp→dp (s, t)|2,
where s = (Pd + p)
2 and t = (p− p′)2 are invariant Man-
delstam variables.
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Fig. 5. The differential cross section at the deuteron kinetic energy of 1300 MeV as a function of the c.m. scattering angle. The
data are taken for Td = 1200 MeV from [41](•), Td = 1180 MeV [40] (◦), and Td = 1282 MeV [42] (N).
We evaluated the dp-elastic differential cross section
at four energies in a wide range. The results presented
for three cases: 1) only one-nucleon exchange (ONE) and
single-scattering (SS) diagrams taken into account, 2) the
double-scattering (DS) term is added into the considera-
tion, and 3) the ∆-isobar excitation is included.
At first, the deuteron kinetic energy equal to 500 MeV
was considered (Fig.2). One can see, the SS-diagram plays
an important role up to the scattering angle equal to about
60◦. The DS-contribution is significant at the scattering
angle between 60◦ and 160◦. The difference between the
results taking into account the double scattering and with-
out it reaches 2-3 times at θ∗ = 120◦.
This energy is not high enough for the ∆-isobar man-
ifestation. Therefore, the inclusion of the ∆-contribution
term into the scattering amplitude does not have to influ-
ence remarkably to the result. In fact, the results obtained
with and without the ∆-isobar term are undistinguished
in a whole angular range.
The second energy is equal to 880 MeV (Fig.3). One
can see, the contribution of the double-scattering is very
significant at this energy. The inclusion of the DS-term
into consideration allows to describe the behaviour of the
differential cross section at the scattering angle range 60◦−
140◦. The difference between ONE+SS curve and ONE +
SS + DS one reaches about 15 times. Note, the ∆ excita-
tion begins to manifest itself at the angle equal to about
120◦ and describes the behaviour of the experimental data
at the angle above 140◦ where the differential cross section
sharply increases.
The dp-elastic differential cross sections at energies
equal to Td = 1200 MeV and Td = 1300 MeV are pre-
sented in Fig.4 and Fig.5, respectively. Here we can ob-
serve further enhancement of the double scattering term
influence on the result. Also the contribution of the ∆ -
isobar increases significantly at the scattering angle above
140◦ .
Analysing the obtained results one can conclude the
following. The differential cross sections are described quite
well up to the scattering angles equal to 60◦ taking into ac-
count only the one-nucleon-exchange and single-scattering
terms. If we consider the dp-elastic scattering at the an-
gles large than 60◦, it is necessary to include the dou-
ble scattering term into consideration. It should be noted
the double-scattering contribution into the reaction am-
plitude increases with the deuteron energy growing and
may change the value of the differential cross section on a
few orders in comparison with the result obtained without
inclusion of the DS-term.
The sharp rise of the differential cross section at θ∗ ≥
140◦, which is observed in the experimental data, points
at the appearance of the addition reaction mechanism.
The inclusion of the ∆-excitation term into consideration
allowed to describe this rise of the differential cross section
at the large scattering angles. The contribution of the ∆-
isobar mechanism grows with the initial deuteron energy.
It is negligible at Td = 500 MeV and significant at Td =
1300 MeV.
In such way we got a good description of the differen-
tial cross section of deuteron-proton elastic scattering in a
whole angular range, from 0◦ to 180◦ of the scattering an-
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gle, in a wide deuteron energy interval, between 500 MeV
and 1300 MeV.
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